Introduction
Local variations in perfusion are associated with many brain diseases and any technique which provides an image of brain perfusion is of particular interest. Radionuclide tracers have been used for this purpose, but it is only recently that potential for three-dimensional imaging of brain perfusion on a routine diagnostic basis has come close to being realized. Several tracers for evaluating brain perfusion have been developed for a single photon emission computed tomography (SPECT) technique that uses conventional gamma ray production and detection. Of these tracers, 99mTc hexamethylpropylene amine oxime (99mTc-HMPAO) has several advantages over other tracers. The proper energy of 99mTc to a gamma camera and relative high dose result in good image quality. It is readily available even in an emergency case because of its kit form for 99mTc labeling. A distribution pattern of the tracer in the brain is determined in a short period and kept for a long time after intravenous injection1). This property is quite useful for the evaluation of perfusion changes during interventional studies of short duration. In this report we describe SPECT analysis of drug effects on regional brain perfusion and noninvasive three-dimensional regional cerebral blood flow (rCBF) measurements using 99mTc -HMPAO . After good venous access was established, 550
MBq of 99mTc-HMPAO was injected intravenously, and 4 min later, 1 g of Diamox was administered intravenously. Thereafter, the first projection data were acquired. As the second step, without any change in the subject's head position, an additional dose of 925 MBq of 99mTc-HMPAO from the same vial as used in the first step was injected immediately after stopping the first data acquisition. Four minutes later, the second projection data acquisition was started.
After reconstruction, the tomographic images in the first step (baseline) were subtracted after correction for differences in the acquisition time between the first and second steps from the images in the second step to obtain those after Diamox administration (post-Diamox). Brain SPECT imaging was carried out using a threehead rotating gamma camera system.
We studied 20 patients (9 men, 11 women), 
Haloperidol
Haloperidol is an antipsychotic drug, the effects of which appear to be linked to its affinity to D2 dopamine receptor at the postsynaptic level .
We studied this neuroleptic effects on regional brain function using the same SPECT technique as in the acetazolamide test.
Two female schizophrenics, one male schizophrenic, and two normal, age-matched male subjects gave written, informed consent to participate in this study. The study protocol was same as in the acetazolamide test except for intramuscular injection of 5 mg of haloperidol instead of the intravenous injection of 1 g of acetazolamide.
In schizophrenic subjects, the left-sided dominance in brain perfusion was observed at rest, whereas the haloperidol treatment induced rightsided dominance in all cortical areas. Before the treatment, schizophrenic subjects had a hypofrontal pattern in brain perfusion as compared with normal volunteers. This hypofrontal pattern was replaced to a hyperfrontal pattern after the treatment. These remarkable changes in brain perfusion was not observed in normal volunteers after the haloperidol treatment. The following case is representative.
The patient was a 25-year-old woman who had suffered from auditory hallucinations and from delusions of persecution and reference for 7 months. SPECT images showed increased accumulation in the left superior temporal lobe at rest (Fig. 2) . Disappearance of the increased accumulation in the left temporal lobe, appearance of right-sided dominant asymmetry of accumulation in all areas, and appearance of hyperfrontal accumulation were demonstrated after the haloperidol treatment (Fig. 2 ). One of disadvantages of 99mTc-HMPAO SPECT studies is the practical difficulty in determining regional cerebral blood flow (rCBF) values1). We developed a new noninvasive method for the quantitative evaluation of rCBF using 99"Tc -HMPAO.
In the unidirectional transfer process, brain radioactivity as a function of time, B (t) was expressed as follows
•¬ (1) where A (t) is the arterial activity as a function of measurement time (t), z is time, kis the unidirectional influx rate, Vn is the initial distribution volume for the tracer which is the space of the exchangeable region plus the plasma space. Regions of interest (ROIs) were hand-drawn was developed as follows (Fig. 3) . The unit of this index is s-1,
Dividing Eq. (1) by A (t) yields •¬(2)
where the ratio of ROIbrainsize to ROIaortasize is set as 10 for standardization. This standardization makes it possible to compare BPI among subjects.
Then BPI was converted to CBF values for the early picture method by 133Xe-SPECT inhalation12) using the regression equation (Y=2.75X + 17.7)
given in the previous study13). Ten minutes after the injection, brain 99mTc-HMPAO SPECT imaging was carried out using a three-head rotating gamma camera system. versus the ratio of aortic arch activity time integral to aortic arch activity at the respective times (abscissa). A straight line in a plot is fitted by a least squares routine to the closed circles during a 10s period within the first 30s after injection of the tracer. The slope of the line (ku, unidirectional influx constant), its intercept with the y-axis (VU, initial volume of distribution), brain perfusion index (BPI) that is a corrected ku value for the ratio of ROIbrainsize to ROIaortasize and the correlation coefficient (r) for the fit are given for a plot.
•¬ (4) where F; and F, are cerebral blood flow for a region i and a reference region respectively, and C, and C, are SPECT counts for the region i and the reference region respectively. Cerebral hemisphere was used for the reference region.
The a is a correction factor for the linearization. The optimum value of the correction factor a was estimated from the following equations,
•¬(5)
•¬ (6 The first-pass extraction E and the correction factor a were compromised to CBF using Eq. (5) to Eq. (7).
They were categorized by age as 14 young The data from the rCBF measurements in normal volunteers are presented in Table 1 . The whole-brain CBF showed a significant negative correlation with advancing age (r=-0.612, p= 0.0001). Cerebellum showed the highest and a nearly constant rCBF irrespective of advancing age. Regional CBF in the frontal cortex was (37) In patients with unilateral brain infarction the mean value of hemispheric CBF was 40.4 ml/ 100 g/min in the unaffected hemispheres. Regional CBF in the infarct core, contralateral mirror locus of the infarct core, borders of the infarct, and contralateral mirror loci of the borders were given in Table 2 with a normal value of the cerebral cortex in Table 1 . The infarct core showed an extremely low rCBF of 11.1 ml/ 100 g/ min on the average.
In the present study, BPI was converted to rCBF for the early picture method by 133Xe-inhalation SPECT. A major drawback of rCBF measurements using 133Xe-inhalation is the poor spatial resolution of this method. This limited spatial resolution gave rise to overestimation of (38) Sep.1993 H. Matsuda and K. Hisada: Brain perfusion SPECT using 99mTc-HMPAO 539 Normal values of the cerebral cortex in Table 1 are shown for comparison. Significant (p=0.01) rCBF differences between all combinations of five areas were observed except for a combination of the mirror loci of the borders and mirror locus of the infarct core.
Mean•}SD white matter CBF and the low gray to white matter CBF ratio17). In contrast to 133Xe-inhalation SPECT, the present rCBF measurement has the advantage of high resolution SPECT imaging when using 99mTc-HMPAO.
As shown in this study, SPECT with adjunctive radionuclide angiography performed within 2 min makes possible rCBF quantification using 99mTc-HMPAO without any blood sampling. One constraint of this method is the necessity for a largefield gamma-camera since the time activity data of both brain and aortic arch should be acquired simultaneously. However, for Japanese, a roundshaped gamma camera with 38 cm diameter is sufficient for this purpose. This method holds promise as an useful rCBF measurements for routine clinical studies.
